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Abstract: The introduction of STEM education, and specifically the implementation of educational
robotics (ER), has drawn researchers’ attention and has shown that teachers play a crucial role in
leading this innovation. The present study concerns in-service and pre-service early childhood
teachers, focusing on their perceptions and attitudes about ER use in daily teaching practice. The
data were collected via a questionnaire (N = 201) and explored using latent class analysis, which
detected distinct clusters/profiles of participants based on their pattern of responses. Two clusters
were identified: Cluster1 was relatively homogeneous, including those who share a positive attitude
towards ER, while Cluster2 was heterogeneous, comprising participants with inconsistent responses
and expressing negative and skeptical thinking. The cluster memberships were associated with exter-
nal covariates, such as age, years of teaching experience, and variables measuring their technological
competencies. The results showed that teaching experience and age were negatively associated with
cluster1-membership, while educational robotics knowledge was positively associated. The findings
are interpretable, and the implications for education are discussed considering the current literature.

Keywords: educational robotics; STEM; in-service teacher profiles; pre-service teacher profiles

1. Introduction

During the last decades, the interest in acquiring skills demanded by twenty-first-
century society has risen significantly. Supporters of this idea argue for systematic educa-
tional reform that encompasses technology with creative thinking and problem-solving in
early childhood education settings (throughout this study, the term “early childhood” is
used for the period from birth to age eight) to prepare students as future citizens in a society
fundamentally based on technology [1–4]. Teaching science, technology, engineering, and
mathematics (STEM) to students at an early age is one of the most prevalent ways to
achieve this goal and, at the same time, to increase children’s self-concept and interest in
the field and provide information about relative career options. Children are born with
an innate desire to tinker and a natural curiosity; the preschool classroom environment is
particularly rich in opportunities to do this by engaging actively in STEM activities [5,6].
Thus, incorporating more technology-based educational tools in early childhood education
curriculums might yield the most significant benefits possible by helping children develop
skills they will need in the future [7,8].

Educational robotics (ER), as a part of STEM education, incorporates a broad range of
general knowledge and permits any specific discipline to be translated into a more compre-
hensive educational context. ER has attracted policymakers and researchers worldwide,
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especially as a helpful medium for cultivating students’ cognitive, emotional, and social
skills, from preschool to university and in general and special education contexts [9,10].

Nowadays, there are numerous educational tools available for preschool-age children
to engage them in STEM activities, such as visual block-based environments (e.g., ScratchJr),
online environments (e.g., Code.org), robotic devices (e.g., Bee-bot), and unplugged activi-
ties [11,12].

As preschoolers are already familiar with digital devices before entering preschool,
educators can easily take advantage of the latest technology [1,13], based on children’s prior
experiences, logical arguments, or other empirical evidence, to engage them in creative
STEM activities and physical play with educational robotics kits. These offer the playful
and enjoyable experience of constructing robots with or without software applications
using motors, sensors, and various everyday materials [6]. These activities can also promote
computational thinking (CT) skills, because they usually require kids to explore algorithms,
modularity, sequences, loops, and variables [14].

A strong relationship exists between early childhood educators’ attitudes towards
technology and their actions in their respective educational settings [15,16]. Education
practitioners’ self-efficacy beliefs and knowledge, combined with uncertainty or fear re-
garding educational technology, can significantly impact their confidence in creating digital
education experiences focusing on STEM and CT [6]. In this sense, any new medium can
be successfully implemented and sustained provided that teachers are ready to introduce
technology specifically in a student-centered learning fashion; that is, teachers need to (a)
be aware of innovative technologies that are emerging; (b) accept innovative technology
that offers valuable benefits; (c) feel confident that technologies can be used safely and
securely; (d) have high confidence in their ability to use the technology properly [17]. On
the other hand, robotics can help teachers expand their interest in STEM concepts and
make CT and STEM activities more appealing for educators and students. Teachers’ earlier
experiences in robotics education can help them to reconsider their instructional designs
and integrate interactive teaching approaches, such as student-centered teaching [18],
which, when built within a student-centered environment, helps students to understand
and appraise a technology’s potential [19,20].

This study is focused on pre-service and in-service teacher perceptions regarding the
factors that inhibit them from effectively incorporating ER in their daily teaching practice.

2. Benefits of STEM Education and Educational Robotics Activities

The rise of digital technologies brings new opportunities, demands, and challenges
for students and teachers in the 21st century [21]. Today’s preschoolers are tomorrow’s
inventors, decision makers, and problem solvers. Therefore, in recent years, concepts such
as STEM, robotics, CT, and coding have been promoted by educational institutions and
other organizations as skills that are as significantly and equally important for all 21st
century students as numeracy and literacy [22,23].

Early childhood is a crucial period for children’s development, and it is expected that a
set of essential skills is acquired to minimize difficulties in later student or adult life [8]. STEM
education can contribute significantly to the overall development of young kids. Introducing
STEM activities early on has been found to predict later reading achievement, promote a
positive attitude towards the respective field of study, and reduce gender-based stereotypes
about traditional roles that hinder girls’ participation in STEM, leading to expanded future
career options [24–26]. Students of all educational levels, social classes, and genders may
benefit by learning the scientific methodology of posing questions and observing to under-
stand the world. Indeed, as children learn about science, they show greater academic interest
in engineering and relative disciplines; by abandoning misconceptions that only talented
individuals can follow a career in these fields, students gain higher self-confidence and,
later in their life, may pursue such provisional choices [9,25,27,28].

Although there are various technological tools used in the classroom for the teaching
and learning procedures, research has shown that ER contributes more to a student’s
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emotional and intellectual engagement than other commonly used educational tools,
such as interactive smartboards, due to the physical embodiment of the robotic kits and
the possibility of promoting students’ communication skills. In preschool classrooms,
the educational goal is not to introduce coding literacy in separate subject classes but
rather to teach students how to use digital technologies as tools to produce well-educated
people [29]. More specifically, the aim is to ensure a broader focus so that students use the
digital technologies and the CT and coding activities as learning opportunities for cognitive
growth, creative problem solving, and entrepreneurship [30]. During ER activities, the
students need to cooperate with their teammates in everyday tasks, working with everyday
hands-on materials such as sensors, batteries, detectors, and lights to complete the activities
assigned to them by their teachers [19,31].

In the present study, the term educational robotics (ER) defines a broad area of
knowledge-based approaches requiring students to engage in activities using simple and
standard electronic components. Furthermore, ER utilizes students’ reasoning skills to
program a robot or design and create its part(s) and program it; these approaches have
been found to increase interest and motivation for acquiring new skills and school knowl-
edge [31,32]. ER systems intended for use by young children (such as the new generation
of Bee-Bot, provide an age-appropriate introduction to robotics by combining movements,
light, sound effects, and wireless control via tablets such that it is both attractive to and
educational for children [10].

The mere incorporation of ER in a classroom setting is not the primary goal. The
focus should move towards its use as a tool, supporting engaging hands-on activities
for kids in developmentally suitable student-centered learning scenarios [31,33]. The
proper use of ER can help students learn and implement scientific methodology and
acquire a set of 21st century fundamental skills, such as logical thinking, critical thinking,
computational thinking, problem solving, collaboration, programming, and coding skills,
leading to meaningful technological literacy and improved achievement in math and
science [5,14,19,34–36].

3. Teachers’ Attitudes towards Educational Robotics

Inside the preschool class setting, teachers are the key persons for creating an inter-
active learning environment to integrate ER STEM educational activities. To achieve this
goal, the educator needs to provide the necessary resources and support to boost student
engagement and maximize their potential through various projects inside an open and non-
judgmental atmosphere; this results in a collaborative classroom environment that fosters
creativity and knowledge creation. This role can be rather challenging because it requires
a significant shift from the traditional teacher-centered instruction, where the educator
functions as an “authority” transmitting knowledge, to a student-centered approach, where
the education practitioner acts as a facilitator and enabler of students learning and social
interaction [8,37]. In professional learning, it is essential to set up conditions responsive to
how teachers learn and elaborate on their own experiences.

Given the crucial role of teachers, the importance of their beliefs and attitudes to
the everyday use of ER in STEM teaching practice has been investigated by numerous
scholars. Previous studies have shown that, even though educators are keen on ER [34]
and appreciate its apparent added value, they tend to have a negative opinion towards
using robots in schools. They are unwilling to use robots in diverse learning settings, and
these attitudes are independent of age or gender [38]. The percentage of in-service teachers
who have strong opinions against incorporating new forms of technology in the preschool
classroom has been reported to be up to 25%, raising significant worries about how they
would introduce ER to young children if it became necessary [16,39].

The above results can be interpreted by considering certain systemic obstacles that
hinder a teacher from integrating educational technology into the classroom. These barriers
are so substantial that, even though teachers appear to be enthusiastic about and capable of
supporting ER and STEM activities, they lead to a “STEM-phobic” educational system [1,40].
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Due to the lack of knowledge, resources, and official assistance, many teachers feel uncertainty,
anxiety, or even fear regarding digital media use in daily teaching practice [6,41]. Indeed,
educators face various difficulties in their efforts to include ER in their daily teaching practice,
which results in the weak presence of ER in the classroom. Kenny [42,43] reports on the
effectiveness of a professional partnership approach to preparing pre-service primary teachers
to teach science. Teachers outside of technology-oriented fields rarely receive proper training.
This may cause misconceptions about the utility, ease of use, and applicability of robotics
models and a perceived lack of ability to organize these types of activities, especially when
gender stereotypes regarding STEM concepts are apparent. These barriers, combined
with a lack of knowledge about ER benefits in the educational context, underfunding, the
relatively high cost of ER systems, and the lack of specific institutional injunctions, lead
to limited learning materials in the classroom and a reduction of the time available in a
classroom setting to engage in robotics activities, both actively and mindfully [8,10,34,40,44].
The lack of self-confidence in teaching with ER, especially if the education practitioner has
low general digital teaching self-efficacy, leads to avoidance of technology usage in the
classroom [33]; further prevention of technology use leads to lower self-confidence, which
leads to lesser use, and so on, affecting one another in a circular causal way.

Creating new meaningful professional development programs in STEM is the best
way to break this circle of reciprocal causality. Research has found that, after participating
in training programs targeting ER, teachers acquired knowledge in a short period, and
quite quickly they were able to recognize the educational value of ER. These interventions
resulted in positive attitudes, as the participants felt better qualified and more self-confident;
they showed greater interest in implementing ER in their classroom settings as well as a
strong intrinsic motivation to be further trained in ER [6,10,37]. As a result, training leads
to increased self-efficacy for in-service and pre-service teachers and a higher possibility of
adopting technology into their daily teaching and learning practices [33,45]. Research has
also shown that educators are admittedly aware of their weaknesses, and the majority of
them declare that professional training in new educational technology is necessary [46].

Many researchers are interested in observable teacher practices; several research
projects have informed professional development materials used in schools and for courses.
For example, Duran, Ballone-Duran, Haney, and Beltyukova [47] reported an inquiry-
based teacher education project for early childhood education: Active Science Teaching
Encourages Reform (ASTER). Zhang et al. [48] developed a Problem-Based Learning (PBL)
collaborative action research model focusing on science talks in kindergarten classrooms.
Building on the research of Zhang et al. [48], who investigated how to use science talks
to promote student learning, in-service kindergarten teachers emphasized three areas
through which modeling occurs: a collaborative learning community, the guidance of
facilitators, and video analysis. Kenny [43] formed triadic partnerships, consisting of a
final year pre-service primary teacher and an in-service colleague, to teach science in the
colleague teacher’s classroom with a teacher educator’s support. This article documents
that pedagogical knowledge is enhanced with sustained guided and mentored practice in
teaching settings. In addition, the work of Goebel, Umoja, and DeHaan [49] serves as a
confirmation of the emerging view that, next to field experiences, partnerships between
members of the scientific and elementary school communities promote reform, as science
partners bring explicit scientific knowledge, enthusiasm, and a sense of the importance of
the subject. Schollaert [50] argues that constructivist approaches to teaching and learning
dramatically alter how teachers install subject knowledge in their learners; however, their
role is also to turn them into better learners and learners for life. Apart from subject experts,
teachers also need to be experts in learning. They can only achieve the latter if they are
expert learners themselves. Not only should they convey content knowledge and explain
to their students how to learn, but they should also be able to demonstrate how learning
works in rather generic terms. In other words, teachers should be role models concerning
both subject-specific and pedagogical knowledge; likewise, they attempt to teach what
they preach.
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It seems that the value of ER has been established to a greater extent among pre-service
early childhood teachers, with the majority of the reports suggesting STEM courses should
be included in undergraduate education programs. Researchers believe that preschool
children have an innate curiosity to engage with STEM concepts, and there are creative
ways to teach children to read, write, and develop mathematics, coding, and programming
skills [51–53]. Innovative approaches for practical undergraduate training should be
applied to strengthen teachers’ beliefs towards STEM and maximize their aspiration to
incorporate STEM concepts and educational technologies into classrooms [5,28]. Given that
ER activities encourage creativity and collaboration among classmates, students’ long-term
interest in STEM could be enhanced by focusing on pre-service teachers’ knowledge and
attitudes towards the implementation of ER activities in order to effectively prepare their
teaching capabilities to function in a technology-enhanced learning environment [5,46].

4. Scope and Research Questions

The above literature review and the findings indicate that educational robotics’ value
has already been acknowledged among preschool educators. In addition, the willingness
to foster such STEM education is not guaranteed, with a hesitance or resistance still existing
towards ER. There has been considerable research conducted to understand this worldwide
issue of renovating the educational process, and the scope of the present work contributes
to this international endeavor. Pre-service and in-service early childhood teachers have
shown similar comportments on ER, and the research interest is focused on this. It is crucial
to understand the attitudes and reasoning that guide teachers’ positions toward ER use.
It seems that there is a transitional period of adoption, where positive acknowledgments
coexist with counteracting negative attitudes that make teachers reluctant or negatively
dispositioned toward the introduction of ER in early childhood education. Given the
multiplicity of factors involved, it is appropriate to also consider methodological issues.
The present research’s novel contribution is also the implementation of a psychometric
method, Latent Class Analysis (LCA), from which attitudinal profiles of the participants
can be extracted. Thus, based on LCA, the following research questions are posited:

1. Can distinct clusters (profiles) be extracted based on participants’ responses to the
items capturing teachers’ beliefs relevant to ER?

2. Do these clusters correspond to attitudinal profiles of teachers, which are interpretable
within the theoretical framework fostered?

3. Are the ensuing latent profiles coherent or homogeneous in terms of responses? Or
are the responses consistent across items?

4. Are the ensuing profiles associated with several individual differences, such as gender,
age, knowledge of STEM and ER, degree, and other demographic variables?

The above person-centered approach is an effective psychometric method when the
latent variable in question is categorical [54–56]. The participant can be classified into
distinct categories, bearing similar perceptions, attitudes, or mental structures. Thus, the
choice of the measurement model is reasonable for this type of research, and theoretically
meaningful findings are anticipated.

4.1. Research Design

The data were collected via a quantitative approach; the participants were asked to
answer the survey instrument, which included closed-ended and open-ended questions,
with the questions aiming to investigate their general views in ER use to gain insight into
their profound perceptions.

4.2. Participants

In the present study, 201 preschool teachers participated. Ninety-nine (N = 99) were
pre-service student teachers attending classes at the Department of Preschool Education at
the University of Crete, Greece. This sample corresponded to 5% of the total population
studying preschool education in Greece and included only senior pre-service students
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participating in practicum traineeship. The remaining part of the sample consisted of 102 in-
service preschool teachers contacted during an educational technology seminar. All of them
were women, with teaching experience ranging between 10 and 25 years in kindergarten;
they answered the questionnaire before the session. They had not systematically received
STEM training previously, and most of them were having their first experience with such
professional development programs. Participants took part in the research of their own
will, as it was emphasized that their involvement was optional, anonymous, and would
not affect them in any way, and that they could quit at any given time.

4.3. Instrument

The questionnaire used in this study consisted of two parts. Part A included questions
about demographics and participants’ socio-professional background, training experience
in educational robotics, and initial educational technology experiences. Part B comprised
15 questions that examined beliefs and perceptions about introducing educational robotics
in the preschool classroom. A five-level ordinal rating scale, ranging from 1 “strongly
disagree” to 5 “strongly agree” was used. The Cronbach’s alpha coefficient of the internal
reliability of the instrument was 0.89. The instrument was a simple, logically driven
construction covering the present inquiry’s needs and included items that provide empirical
indexes that validly reflect what was meant to be measured: the teachers’ perceptions
under study. Furthermore, Latent class Analysis (LCA) was implemented. This is a person-
centered approach different from the variable-centered approaches, i.e., factor models.
The LCA’s adequacy fitting secures the measurement model’s validity to the empirical
data [57].

4.4. Ethical Considerations

The study was approved by the University of Crete Ethics Committee and followed
the university guidelines on ethical practice when researching adults. Anonymity and
confidentiality, gaining consent and ongoing assent, and the right to withdraw were the
ethical principles adhered to. Rigorous procedures were followed to ensure confidentiality,
anonymity, and the voluntary nature of the study.

5. Data Analysis

In the data analysis, a person-centered approach was fostered, based on the hypoth-
esis that individuals who share similar attitudes and beliefs concerning the issue under
investigation could be classified into distinct groups. A Latent Class Analysis (LCA) was
implemented to achieve this categorization. LCA is a psychometric method alternative
to the variable–centered approaches (i.e., the factor model.); it is able to validly identify
groups of participants who provide a similar response pattern [58]. LCA’s difference from
ordinary cluster analysis methods is that the classification is based on a set of conditional
probabilities (CPs), which characterize any latent class (cluster). CP is the probability of
observing a response pattern, given that the case belongs to a particular latent class. The
latent class predictions are calculated via the Bayes’s theorem and the posterior probability
of belonging to a latent class c given a manifested pattern of responses y, P(X = c/Y = y):

p(X=c/Y=y) =
p(Y=y/X=c) × p(X=c)

p(Y=y)
(1)

where P(X = c) is the probability of belonging to class c and P(Y = y/X = c) is the conditional
probability of having response pattern y, given that X belongs to specific class c. The
posterior probabilities, which express the class memberships, follow a distribution over the
c classes among the classified cases possessing a specific response pattern y. The goal is to
assign the cases into different classes, where options such as the modal and the proportional
assignments are provided [59]. The LCA procedure delivers all-LC solutions requested,
and the researcher chooses the best parsimonious model to fit to the empirical data. The
model fit is assessed by several indices: Bayesian Information Criterion (BIC), entropy-R2,
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p-value orientations, and the number of parameters [59]. Moreover, LCA’s advantage
is the option to associate the ensuing clusters that comprise a latent categorical variable
with external variables or covariates at any level of measurement. LCA is a valuable tool
for a person-centered approach and has been effectively used in educational research to
solve theoretical and methodological issues in science education [55,60,61] and educational
robotics [62].

In the present study, to facilitate LCA, which assumes that both the observables and
the latent variables are categorical, the 5-point Likert scale was reduced to three levels:
(i) Values 1 and 2 were characterized as negative attitudes towards ER (i.e., against the use
of ER), (ii) Value 3 was perceived as neutral or ambiguous (i.e., skeptical about the use of
ER), and (iii) Values 4 and 5 described positive attitudes (i.e., for the use of ER). Appendix
A presents the eleven items that were ultimately kept in the model measuring participants’
beliefs about ER implementation in preschool classrooms. These were used as input to
LCA analysis, which was performed via the Latent GOLD software.

6. Results
6.1. Profiles of Participants According to Their Attitudes on ER

LCA was applied to the total sample with input from the eleven items. The analysis
resulted in the two latent-class solutions as the best and most parsimonious model (Table 1).

Table 1. Results of Latent Class Analysis (LCA).

LL BIC(LL.) Npar L2 df p-Value Class.Err.

1-Cluster −1955.76 4027.96 22 2213.66 177 0
2-Cluster * −1729.69 3702.86 46 1761.52 153 0.08 0.0277
3-Cluster −1679.73 3730.00 70 1661.62 129 0.06 0.0529
4-Cluster −1632.88 3763.34 94 1567.92 105 0.01 0.0579
5-Cluster −1596.40 3817.40 118 1494.94 81 0.01 0.0653

* The two-LC solution is chosen as the best parsimonious model.

Figure 1 depicts the conditional probabilities of the two clusters/profiles based on the
eleven items. Cluster 1 (65.57% of the sample) includes participants with high conditional
probabilities in items that reflect positive attitudes and low conditional probabilities in
items that reflect negative attitudes. This group is named “For the use of ER”. Cluster 2
(34.43% of the sample) includes participants with low conditional probabilities in the items
reflecting positive attitudes, and high conditional probabilities in items that reflect negative
or skeptical attitudes. This group is named “Against the use of ER”.

Since LCA is model-based, the results can be generalized to the population; the two
clusters represent two different trends in participants’ attitudes about ER use. The “For
the use of ER” and the “Against the use of ER” groups are not entirely consistent in their
responses; in both, an influence of skepticism exists. Cluster 2 is expected to exhibit the
highest inconsistency. Cumulative conditional probabilities are plotted for all items and
each cluster separately to demonstrate the above hypothesis. Figures 2 and 3 depict Cluster
1 and Cluster 2, respectively, while the underlying latent variable’s coherence can be
visualized by the colored bars. In Figure 2, Cluster 1 includes the participants who are “For
the use of Educational Robotics”; it is relatively homogenous, with the lowest occurence
of negative attitudes or skepticism. In Figure 3, Cluster 2 includes participants “Against
the use of Educational Robotics”. However, it is rather inhomogeneous, comprised of
fragmented attitudes toward the use of educational robotics. These people express doubt
and are uncertain about ER’s use, an attitude that needs further interpretation.
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Subsequently, the effects of some independent variables on the resultant profiles were
examined when used as dependent variables. Table 2 summarizes these effects, where
only the status of employment and the Knowledge of Educational Robotics are observed
as potential predictors of the participants’ cluster memberships. Cluster 1 (“For the use
of Educational Robotics” profile) is associated with Knowledge of Educational Robotics
(b = 0.469, p < 0.001); thus, most probably, those who possess a higher knowledge of ER are
positive in using robotics in the educational process.

Table 2. The effect of covariates on the resultant cluster memberships.

Covariates Cluster 1
For ER

Cluster 2
Against ER

Status
In-Service teachers 0.166 −0.166
Pre-service teachers −0.166 0.166

Knowledge of Sciences 0.164 −0.164
Knowledge of Programming −0.103 0.103

Knowledge of Robotics −0.356 0.356
Knowledge of Educational Robotics 0.469 * −0.469 *

* p < 0.001.

6.2. Effects of Covariates on In-Service Teacher Profiles

Next, an LCA was applied to the in-service teachers separately; this part of the sample
is more heterogeneous in terms of demographic characteristics and individual differences,
and thus it is of special interest. Table 3 depicts these effects. Age and teaching experience
have negative effects on the membership in Cluster1 (b = −0.475, p < 0.001 and b = −0.388,
p < 0.05 (one-tail), respectively) and positive effects on Cluster 2. Most probably, older
teachers and those with more years of teaching experience are negative or skeptical about
ER’s use. However, those with higher knowledge of ER are positive in using it in the
educational process (b = 0.691, p < 0.001). No differences were detected between teachers
serving in urban and non-urban areas and between teachers with undergraduate and
post-graduate degrees.
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Table 3. The effect of covariates on the resultant profiles for in-service teachers.

Covariates Cluster 1
For ER.

Cluster 2
Against ER.

Experience
0–5 years 0.249 −0.249

6–15 years 0.138 −0.138
>16 years −0.388 ** 0.388 **

Age −0.475 *** 0.475
School District

Urban 0.043 −0.043
Cities −0.042 0.042

Degree
B.Sc. −0.056 0.056

M.Sc. 0.056 −0.056
Knowledge of Educational Robotics 0.691 *** −0.691 ***

* p < 0.05, ** p < 0.01, *** p < 0.001.

7. Discussion and Conclusions

During the past decade, the interest in ER has created a significant body of literature
supporting implementing this type of activity in the preschool classroom. It has been
acknowledged that ER creates an educational context that is both enjoyable and engaging
and that promotes STEM education and enhances the learning process [52,63]. As crucial
factors in this process, educators are the target group of the present study, which focuses
on the in-service and pre-service early childhood teachers’ attitudes towards ER. An LCA
measurement model was applied to identify statistically different individuals according to
their pattern of responses. The two clusters detected correspond to two different mindsets
as far as the use of ER is concerned. Cluster 1 was relatively homogeneous and included
those who share a positive attitude toward ER, while Cluster 2 appeared heterogeneous,
comprising participants with inconsistent responses, including negative, positive, and
skeptical thinking. In addition, external variables such as age, years of teaching experience,
and technological competence were associated with the cluster memberships. These
covariates could be considered primary determinants or influential factors of attitudes
towards ER technology adoption in education. Pre-service and in-service teachers appear
to possess similar thinking on the issue in question. On the other hand, age and teaching
experience negatively affect ER attitudes, while ER knowledge has a positive effect.

Robotics has been found to add value in educational processes when incorporated into
early learning classrooms in a holistic manner; ER can promote a collaborative, student-
centered environment. However, proper integration of ER in curriculums requires a
conscious and concerted effort to design activities suitable for each grade, based on the
latest knowledge on child development and learning [40].

Following the publication of a significant body of related studies, it is widely acknowl-
edged that merely introducing ER material and tools is insufficient to obtain students’ full
potential in terms of educational and cognitive benefits. The essential factors that may lead
to the successful integration of ER in the classroom are the educational philosophy, the
curriculum itself, and the learning environment. Simultaneously, a crucial parameter is
a shift in focus from technology itself to the curriculum [9,37,40]. The missing link is the
quality of training provided to teachers to attain a high proficiency level in integrating
new media successfully in the classroom. This is what the findings of the present endeavor
suggest; these findings can complement the data used for decision-making on teacher
education curricula.

It is imperative to mention that, before designing and introducing an ER, STEM, CT
integrated curriculum that effectively accommodates preschoolers’ needs, it is essential to
understand the complex challenges teachers face in their daily teaching practice. These
challenges include inadequate training, strict curricula, flawed methodologies, limited
educational content, and lack of infrastructure [64]. As new technologies emerge, teachers
need the appropriate training to learn about new forms of educational technology. In
this way, they can effectively integrate technology into instruction to ensure that student
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learning is more engaged in promoting problem solving, critical thinking, and collaboration,
broadening educational opportunities for students, independent of their age [17]. Making
that shift is a considerable challenge for many education practitioners, as was found
in previous works, because each tool requires a deeper understanding of its pedagogical
potential and classroom deployment options as well as the necessary facilities; this suggests
that there is a significant gap between teachers’ ability to use technology and actual
technology use [65]. Teachers in early childhood environments need further training,
mentoring, and professional development to effectively adopt new assets and design and
implement inquiry activities using educational robotics for learning science [66]. Given
that educators’ self-efficacy, pedagogical beliefs, and need for professional development
are known factors that influence their motivation, behavior, and teaching strategies, these
factors should be elaborated and developed in training programs [40,53].

Interestingly, no differences in ER implementation attitudes were found between in-
service and pre-service teachers in the present study. This finding shows that both groups
share common mindsets. This study also proposes that professional development programs
should provide the trainees with analogous skills and knowledge of the potentially useful
age-appropriate applications of ER, irrespective of the target group. The familiarization
of teachers with the technology is a mediating factor that will enhance positive attitudes,
which in turn will reinforce motivation for engagement with innovative teaching methods
on a developmentally appropriate level [67]. Furthermore, it will encourage trainees to
explore, investigate, and discuss the types of ER activities involved in different classroom
learning settings [25,33].

In the present research, the results of the LC model-based cluster analysis, which can
be generalized to the population, indicate that, in this transitional period of fundamental
educational transformations, there is a significant division of the early childhood teachers
with mixed or incoherent attitudes toward ER use. It is interesting, however, that there is
no consistent trend against educational robotics. Cluster 2, the segment with an inhomo-
geneous attitudinal profile, reflects those stances with internal controversies, which were
found to associate with certain individual differences, such as age and lack of education on
ER. The implications are direct for university curricula for teachers’ pre-service or in-service
training, including the appropriate ER and STEM practicum courses, in conjunction with
peer group learning settings and mentor support to develop the appropriate pedagogical
content knowledge.

8. Limitations and Directions of Future Research

This study has some limitations, stemming from its exploratory character, suggest-
ing directions for future research. LCA was implemented for the first time in this type
of data; thus, replicating the findings is needed with additional and larger data sets to
establish empirical evidence that can support theory development. Towards this direction,
the questionnaire constructed for the initially conceived needs of the research could be
extended to wide-ranging instruments capturing additional aspects of attitudes or the
related psychological constructs affecting preschool teachers’ involvement in ER use. In-
terviews with participants might attain produce the necessary in-depth information on
pre-service teacher perceptions about the issue under investigation. Furthermore, it should
be stated that, in this context, the present inquiry cannot establish causal relationships
between external variables and the ensuing cluster memberships, even though they were
hypothesized as such. It is pertinent to say that LCA has no restriction regarding the
variables’ distribution characteristics; nevertheless, the limitation due to the assumption of
linearity remains. Another theoretical issue that is not addressed in the present research
but instead emerges a posteriori is a reasonable explanation of the existing inconsistent
attitudinal profiles, that is, whether questions were answered based on mere ignorance or
on pre-existing misapprehensions or dysfunctional beliefs [68] about Educational Robotics
and their potential role in preschool education. In conjunction with the person-centered
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approach, similar questions open a new area for future investigations focusing on robotics
and human perceptions and actions [69].
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